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(54) Multiple communicating apparatus and method 



(57) A multiple communicating apparatus is con- 
structed by a multiple communicating unit for communi- 
cating data through a plurality of channels and a control 
circuit for controlling the multiple communicating unit in 
a manner such that a transmission electric power of 
each channel is inversely proportional to the number of 
channels which are used by the multiple communicating 
unit. The control circuit includes a channel control circuit 



for controlling the number of channels which are used 
by the multiple communicating unit in accordance with 
a transmission speed The multiple communicating unit 
includes a diffusion circuit for diffusing parallel data by 
a plurality of diffusion code series. The multiple commu- 
nicating unit transmits a multiple number for a preamble 
period of time provided for the reception side to synchro- 
nize the plurality of code series which are used for a 
code division multiple with the transmission side. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to multiple communi- 
cating apparatus and method for communicating 
through a plurality of multiplexed channels. 

Related Background Art 



10 



30 



As multiple communications, there are a code-divi- \ 
sional multiple communication, a time-divisional multi- \ 
pie communication, and the like. is 

Even in case of forming a plurality of channels by 
the code division or even in case of forming a plurality 
of channels by the time division, when a communication 
is performed between a transmitting apparatus and a 
receiving apparatus by using a plurality of channels, da- 20 
ta can be transmitted at a speed higher than that in case 
of communicating by using one channel. 

However, when a multiple number is extremely 
raised, a transmission electric power increases, so that 
there is a fear such that an adverse influence is exerted ?s 
on the other communication. 



SUMMARY OF THE INVENTION 

It is an object of the invention to improve a multiple 
communication. 

Another object of the invention is to optimize a 
transmission electric power in a multiple communica- 
tion. 

Still another object of the invention is to provide a 
communicating apparatus or method for controlling in a 
manner such that when a multiple number is small, a 
transmission electric power of every channel is larger 
than that in the case where the multiple number is large. 

Further another object of the invention is to provide 
a communicating apparatus or method for controlling so 
as to keep a transmission electric power constant irre- 
spective of the number of channels in a code-divisional 
multiple communication. ^ 

Further another object of the invention is to improve 
an efficiency of a communication by transmitting a mul- 
tiple number in a preamble period of time for a code syn- 
chronization in a code-divisional multiple communica- 
tion in which a transmission electric power is controlled 
in accordance with the multiple number. 

The above and other objects and features of the 
present invention will become apparent from the follow- 
ing detailed description and the appended claims with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a schematic con- 
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struction of a transmitter in an embodiment of the 
invention; 

Fig. 2 is a block diagram showing the details of the 
construction of the transmitter in the embodiment; 
Fig. 3 is a block diagram showing a construction of 
a receiver in the embodiment; 
Fig. 4 is a block diagram showing a construction of 
a synchronization circuit of the embodiment; 
Fig. 5 is a block diagram showing a construction of 
a carrier reproduction circuit in the embodiment; 
Fig. 6 is a block diagram showing a construction of 
a base-band demodulation circuit in the embodi- 
ment; 

Fig. 7 is a flowchart showing the transmitting oper- 
ation of the transmitter in the embodiment; 
Fig. S is a flowchart showing the receiving operation 
of the receiver in the embodiment; and 
Fig. 9 is a block diagram showing a construction of 
a receiver in a modification. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 is a block diagram showing a schematic con- 
struction of a transmission circuit of a communicating 
apparatus in which the invention is embodied, in the di- 
agram, reference numeral 111 denotes a control circuit 
for performing a transmission control of a preamble, a 
transmission control of radio protocol information, a 
transmission control of data matched with a multiple 
number, and the like. The control circuit 111 can be also 
constructed by a circuit common to a control circuit 200 
of a reception circuit, which will be described hereinlater. 

Reference numeral 112 denotes an external inter- 
face (l/F) circuit for outputting a transmission request to 
the control circuit 111 when there is a transmission re- 
quest from the outside of the apparatus and executes 
an operation to start a transmission of data or the like in 
accordance with a transmission instruction signal. Ref- 
erence numeral 113 denotes a code generation/modu- 
lation circuit for modulating in accordance with the mul- 
tiple number and selection code information which are 
outputted from the control circuit 111 . 

A transmission data source can be located in any 
one of the outside and the inside of the apparatus. In 
the case where the transmission data source is located 
in the apparatus, the external l/F circuit 112 is unneces- 
sary. 

Reference numeral 108 denotes a radio frequency 
stage (hereinbelow, referred to as an RF stage) for con- 
verting an output of the code generation/modulation cir- 
cuit 11 3 to a transmission frequency signal; 110atrans- 
mitting antenna for transmitting a signal from the RF 
stage 108 to a transmission path. 

Fig. 2 is a block diagram showing the details of the 
construction of a transmission circuit (particularly, the 
control circuit 111 and code generation/modulation cir- 
cuit 113) to which the invention is embodied. 
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In Fig. 2, a serial/parallel converter 101 converts da- 
ta which is serially inputted to (n) parallel data. The con- 
trol circuit 111 is functionally separated into a parallel 
number control circuit IIIA, a selection signal generation 
circuit IIIB, and a gain control circuit 111 C. The parallel 5 
number control circuit 111 A arithmetically operates a 
code-division multiple number (m) from transmission 
speed data which was inputted and sets an output of the 
serial/parallel converter 1 01 to (m) symbols. 

Multipliers 103-1 to 103-n multiply parallel data and 
(n) diffusion codes which are outputted from a diffusion 
code generator 104. The diffusion code generator 104 
generates different (n) diffusion codes PN1 to PNn and 
a diffusion code PNO for synchronization. 

A group of switches 1 05 select and output only an 
output which was set by the selection signal generation 
circuit IIIB from (n - 1) outputs of the multipliers 103-2 to 
103-n. The selection signal generation circuit IIIB con- 
trols the switches 105 so as to select code channels of 
the number corresponding to the code division multiple 
number from the inputted transmission speed data. 

An adder 107 adds the diffusion code for synchro- 
nization which is outputted from the diffusion code gen- 
erator 1 04, an output of the multiplier 1 03-1 , and 0 to (n 
- 1) outputs of the switches 105. 

The gain control circuit II IC controls a transmission 
output of the RF stage 108 in accordance with the mul- 
tiple number. 

Fig. 3 is a block diagram showing a construction of 
a reception circuit of the communicating apparatus to 
which the invention is embodied. In Fig. 3, a receiving 
antenna 201 receives a signal from the transmission 
path. 

A radio frequency signal processing unit 202 prop- 
erly filters and amplifies an output from the receiving an- 
tenna 201 and converts to a predetermined frequency 
band signal. 

A synchronization circuit 203 captures and main- 
tains a synchronization for the diffusion code on the 
transmission side and a clock. A diffusion code gener- 
ator 204 generates same (n + 1) diffusion codes PNO 
to PNn as the diffusion codes on the transmission side 
by a code synchronization signal and a clock signal 
which are inputted from the synchronization circuit 203. 

A carrier reproduction circuit 205 reproduces a car- 
rier signal from the diffusion code PNO for carrier repro- 
duction which is outputted from the diffusion code gen- 
erator 204 and an output of the radio frequency signal 
processing unit 202. 

A base-band demodulation circuit 206 executes a 
demodulation in a base band by using an output ol the 
carrier reproduction circuit 205, an output of the RF sig- 
nal processing unit 202, and the (n) diffusion codes PN1 
to PNn as outputs of the diffusion code generator 204. 

A multiple number detection circuit 207 detects the 
number of transmitted code channels from a group of 
correlation values of the base-band demodulation circuit 
206. A parallel number control circuit 208 controls the 



parallel number in the parallel/serial conversion by a 
parallel/serial converter 209 from an output of the mul- 
tiple number detection circuit 207 and also outputs 
transmission speed data. The parallel/serial converter 
209 performs a parallel/serial conversion to 1 to (n) par- 
allel demodulation data as outputs of the base-band de- 
modulation circuit 206 in accordance with an output of 
the parallel number control circuit 208. 

In the above-mentioned construction, on the trans- 
mission side, the inputted transmission speed data is 
first inputted to the parallel number control circuit 111 A 
and the number of parallel output symbol of the serial/ 
parallel converter 101 is decided. Subsequently, data to 
be transmitted is converted to (m) parallel data which 
number is equal to the parallel number by the serial/par- 
allel converter 101. 

The diffusion code generator 104 generates the dif- 
ferent diffusion codes PNO to PNn having the same (n 
+ 1) code periods. Among them, PNO denotes a code 
for synchronization and carrier reproduction and is not 
modulated by the parallel data but is directly supplied to 
the adder 107. The remaining (n) diffusion codes are 
modulated by the (n) parallel data by the multipliers 
103-1 to 103-n. Only the (m) data among the (n) modu- 
lated data are necessary data and are selected through 
the switches 105 by a selection signal as an output of 
the selection signal generation circuit IIIB which is con- 
trolled by the transmission speed data. The selected (m) 
signals are subsequently inputted to the adder 107. 

The adder 107 linearly adds the inputted (m + 1) 
signals and outputs the added base band signal to the 
RF stage 108. The base-band signal is subsequently 
converted to a radio frequency signal having a proper 
center frequency in the RF stage 1 08 and is transmitted 
by the transmitting antenna 110. 

In this instance, in ordertoset atotal average output 
of the transmission signal to a predetermined value ir- 
respective of the multiple number, an output per channel 
has to be varied. Therefore, in order to set the output 
per channel to a gain according to the multiple number, 
there is provided the gain control circuit 111 C for con- 
trolling the transmission output per channel so as to set 
the whole transmission output from the transmission 
speed data to be constant. 

On the reception side, the signal received by the 
receiving antenna 201 is properly filtered and amplified 
by the RF signal processing unit 202 and is directly out- 
putted as a transmission frequency band signal or is 
converted to a proper intermediate frequency band sig- 
nal and is outputted. 

Such a signal is inputted to the synchronization cir- 
cuit 203. In the synchronization circuit 203, the diffusion 
code synchronization and clock synchronization for the 
transmission signal are established and the code syn- 
chronization signal and clock signal are outputted to the 
diffusion code generator 204. As a construction of the 
synchronization circuit, for example, a circuit using a 
surface acoustic wave (SAW) matched filter as shown 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP0748 075 A2 



6 



in Fig. 4 is used. 

In Fig. 4, the reception intermediate frequency band 
signal is inputted to an SAW matched filter 701 . The 
SAW matched filter 701 has an integrated area length 
corresponding to one period of the diffusion code and 
also has an envelope which is proportional to a resutt 
(correlation integrated value) obtained by integrating a 
product of the reception signal and a preset tap coeffi- 
cient, namely, a code series PNO for synchronization 
for one period of the diffusion code. The SAW matched 
filter 701 outputs a voltage signal whose center frequen- 
cy is equivalent to a carrier frequency of the input signal. 

The output passes through a band pass filter (BPF) 
702 in which an input frequency of the matched filter 701 
is set to a center frequency and which blocks signals 
other than the correlation integration signal and is prop- 
erly amplified by an amplifier 703. After that, an envelop 
of the resultant output is detected by an envelope de- 
tector 704. 

Since such an envelope signal indicates an abso- 
lute value of the correlation integrated value, autocor- 
relation characteristics of the diffusion code for synchro- 
nization has a sharp peak at a synchronization point and 
has a sufficient low side lobe at other points. Therefore, 
when an exclusive-use diffusion code component for 
synchronization is included in the reception signal, a 
steep peak appears in an output of the envelope detec- 
tor 704. A peak detection circuit 705 detects such a 
steep peak and outputs the peak to a phase detector 
706. 

The phase detector 706 detects a phase difference 
between the peak and a code start signal indicative of 
a start point of a period of the diffusion code which is 
generated from the code generator 204 and outputs a 
voltage level according to the phase difference. The 
voltage level is smoothed by a loop filter 707 and is out- 
putted to a voltage controlled oscillator (VCO) 708. The 
VCO 708 generates a clock signal of a frequency ac- 
cording to the inputted voltage level and outputs the sig- 
nal as a clock of the diffusion code generator 204. The 
diffusion code start signal is outputted as a code syn- 
chronization signal to the code generator 204 and base- 
band demodulation circuit 206. 

The synchronization circuit 203 and code generator 
204 constructs a kind of phase-locked loop as a whole. 
Since a phase difference exists between the correlation 
peak signal as an input of the phase detector 706 and 
the diffusion code start signal in a state in which the syn- 
chronization is not established, the diffusion code clock 
is advanced (or delayed). Thus, the phase difference 
between the diffusion code component for synchroniza- 
tion included in the reception signal and the diffusion 
code start signal gradually decreases. When the phases 
of them coincide, the phase difference of the phase de- 
tector 706 is equal to 0 and, after that, the phase differ- 
ence is controlled so as to be equal to 0. 

After the establishment of the synchronization, the 
diffusion code generator 204 generates a group of dif- 



fusion codes in which the clocks and the diffusion code 
phases coincide with those of a group of diffusion codes 
on the transmission side. The diffusion code PNO for 
synchronization among the group of those codes is sup- 

5 plied to the carrier reproduction circuit 205. The carrier 
reproduction circuit 205 inversely diffuses the reception 
signal which was converted to a transmitting frequency 
or intermediate frequency band as an output of the RF 
signal processing unit 202 by the diffusion code PNO 

io for synchronization and reproduces a carrier of the 
transmitting frequency or intermediate frequency band. 
As a construction of the carrier reproduction circuit 205, 
for example, a circuit using a phase-locked loop as 
shown in Fig. 5 is used. 

is in Fig. 5, the reception signal and the diffusion code 
PNO for synchronization are multiplied by a multiplier 
501 . After the establishment of the synchronization, the 
clock and the code phase of the diffusion code for syn- 
chronization in the reception signal coincide with those 

20 of the diffusion code for synchronization for reference 
and the diffusion code for synchronization on the trans- 
mission side is not modulated by data. Therefore, the 
reception signal is inversely diffused by the multiplier 
501 and a component of the carrier appears in an output 

25 of the multiplier 501 . 

The output is subsequently inputted to a band pass 
filter (BPF) 502 and only a carrier component is extract- 
ed and outputted. The output is inputted to a phase- 
locked loop constructed by a phase detector 503, a loop 

30 ftter 504, and a voltage controlled oscillator (VCO) 505. 
With such a construction, a signal which is outputted 
from the BPF 502 and whose phase is locked with the 
carrier component is outputted as a reproduction carrier 
by the VCO 505. 

35 The reproduced carrier is inputted to the base-band 
demodulation circuit 206. The base-band demodulation 
circuit 206 forms a base band signal from the reproduc- 
tion carrier and an output of the RF signal processing 
unit 202. The base band signal is distributed to (n) 

40 branches and is inversely diffused every code division 
channel by the group of diffusion codes PN1 to PNn as 
outputs of the diffusion code generator 204. Subse- 
quently, data is demodulated. The base-band demodu- 
lation circuit 206 is constructed as shown in, for exam- 

45 pie, Fig. 6. * 
In Fig. 6, the inputted reception signal and the re- 
production carrier are multiplied by a multiplier 601 and 
an unnecessary signal is eliminated by a low pass filter 
(LPF) 602, so that the reception signal is converted to 

so a base band signal. The base band signal is converted 
to a digital signal having a resolution of a single bit or a 
plurality of bits by an A/D converter 603 using a repro- 
duction clock as a sampling period. The digital signal is 
distributed to (n) branches, the exclusive OR of the most 

ss significant bit (code bit) of the digital signal at each 
branch and each of the diffusion codes PN1 to PNn as 
outputs of the diffusion code generator 204 is calculated 
by each of a group of exclusive OR circuits 604-1 to 
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604-n. The calculated EX-ORs are inputted to a group 
of adders 605-1 to 605-n together with the other bits. 
The adders 605-1 to 605-n add the input signals and 
outputs of registers 606-1 to 606-n every reproduction 
clock pulse and the resultant additbn signals are out- 
putted to the registers 606-1 to 606-n. 

The registers 606-1 to 606-n have been reset at a 
time point when a head bit of each diffusion code is in- 
putted. After that, the result obtained by adding products 
of the reception signals and the diffusion signals for one 
period of the diffusion codes are stored. Therefore, at a 
time point when a final bit of one period of the diffusion 
codes is inputted, correlation values between the one 
period of each diffusion code and the reception signal 
are stored in the registers 606-1 to 606-n. Data of the 
correlation values is judged by subsequent judgement 
circuits 607-1 to607-n, so that (n) parallel demodulation 
data are obtained. The correlation values stored in the 
registers 606-1 to 606-n are subsequently inputted to 
the multiple number detection circuit 207. 

In the multiple number detection circuit 207, when 
an absolute value of the correlation value in each ol the 
code channels stored in the registers 606-1 to 606-n is 
equal to or smaller than a predetermined value, it is 
judged that no data is transmitted through the relevant 
channel. That is, the multiple number detection circuit 
207 counts the number of code channels in which the 
absolute value of the correlation value is equal to or larg- 
er than the predetermined value and outputs the- count 
value as a multiple number to the parallel number con- 
trol circuit 208. 

The parallel number control circuit 208 controls the 
parallel number of the parallel/serial converter 209 in ac- 
cordance with the inputted multiple number and also 
generates transmission speed data which is directly de- 
rived from the multiple number. 

The parallel number is set into the parallel/serial 
converter 209 by the parallel number control circuit 208. 
The converter 209 selects only (m) valid data among (n) 
parallel demodulation data demodulated by the base- 
band demodulation circuit 206, converts to serial data, 
and generates the serial data. 

In the above-mentioned embodiment, although the 
multiple number is detected on the basis of the reception 
results of the multiple channels on the reception side, 
the multiple number can be also transmitted as control 
data from the transmission side to the reception side. 
An embodiment in which the multiple number is included 
in protocol data will now be described hereinbelow. In 
the embodiment, there is provided a multiplier 103-0 to 
diffuse protocol data by the diffusion code PNO in a 
manner similar to the diffusion codes PN1 toPNn in Fig. 
2. An exclusive OR circuit 604-0, an adder 605-0, a reg- 
ister 606-0, and a judgment circuit 607-0 for inversely 
diffusing the reception signal by the diffusion code PNO 
are provided in a manner similar to the diffusion codes 
PN1 to PNn in Fig. 6. In Fig. 2, the output of the multiplier 
103-1 is also inputted to the switches 105. Further, in 



Fig. 3, the multiple number detection circuit 207 and par- 
allel number control circuit 208 are included in the con- 
trol circuit 200. 

Fig. 7 is a flowchart showing the transmitting oper- 
5 ation and Fig. 8 is a flowchart showing the receiving op- 
eration. 

First in step S31 , on the transmission side of the 
communicating apparatus, the control circuit 111 of the 
transmission circuit shown in Fig. 1 waits until a trans- 

10 mission request signal is inputted from the external l/F 
circuit 112. When the transmission request signal is re- 
ceived from the external l/F circuit 112 (YES in step 
S31 ), a preamble transmission instruction signal is gen- 
erated to the code generation/modulation circuit 113 

1$ (step S32), thereby activating an internal counter to 
count a predetermined preamble transmitting time. After 
that, radio protocol data (for example, address informa- 
tion, multi-channel information, or the like to specify a 
receiving terminal) is transmitted to the code generation/ 

20 modulation circuit 1 1 3 (step S33). The completion of the 
protocol data transmission and a time-over of a pream- 
ble transmitting time are monitored (step S34). 

For example, in the case where up to 16 channels 
can be multiplexed, the multiple number is set to 16 

25 channels or less in accordance with the transmission 
speed. The multi-channel information to notify the re- 
ception side of the multiple number set on the transmis- 
sion side is transmitted. 

The code generation/modulation circuit 113 which 

30 received the preamble transmission instruction signal 
sets the transmission diffusion code to one diffusion 
code PNO allocated for a preamble and, after that, holds 
it until the multiplier 103-0 (not shown) modulates the 
radio protocol data by the diffusion code PNO, transmits 

35 the modulated data, and receives the transmission data 
output instruction signal/ The switches 1 05 operate so 
that outputs of the multipliers 103-1 to 103-n are not in- 
putted to the adder 107. Now assuming that a sum of 
the transmission electric powers of the (n) channels in 

40 case of multiplexing the (n) channels is set to P, the gain 
control circuit 11 1 C controls the gain so that a transmis- 
sion electric power of the preamble in which the multiple 
number is equal to 1 is also set to P. At a time point when 
the preamble transmitting time is over (YES in step 

45 S35), the control circuit 1 1 1 transmits a transmission da- 
ta instructbn signal using a data multi-channel accord- 
ing to the multi-channel information to the external l/F 
circuit 112 and code generation/modulation circuit 113 
(step S36). 

so The external l/F circuit 112 which received the sig- 
nal transmits the transmission data to be transmitted. 
The code generation/modulation circuit 113 modulates 
the data transmitted from the external l/F circuit 112 by 
the codes PN1 to PNm selected as diffusion codes for 

55 data transmission and transmits the modulated data. 
The switches 1 05 operate in a manner such that the out- 
puts of the multipliers 103-2 to 103-n are inputted to the 
adder 107. Even when the multiple number (m) is any 
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value, the gain control circuit 11 1C controls the gain so 
that the sum of the transmission electric powers of (m) 
channels is set to a predetermined value (P). When a 
transmission data end signal is outputted from the ex- 
ternal l/F circuit 11 2 to the control circuit 111 t the control 
circuit 111 judges that the data transmission has been 
finished (YES in step S37) and generates a transmis- 
sion end signal to the code generation/modulation cir- 
cuit 113. The code generation/modulation circuit 113 
which received such a signal completes the transmis- 
sion and finishes the operation. / 
On the reception side, when there is no reception 
signal, the control circuit 200 enters a stand-by mode 
for reception and monitors the preamble (steps S41 and 
S44). When the signal is received, a correlation output 
is generated from the matched filter 701 of the synchro- 
nization circuit 203 and is detected by the peak detection 
circuit 705. 

The control circuit 200 detects the preamble by the 
correlation peak detected as mentioned above. The 
synchronization circuit 203 starts a synchronization cap- 
turing operation by the phase detector 706 so as to 
match the phases of the correlation peak from the 
matched filter 701 and the code generation timing signal 
generated from the code generator 204. 

The received signal becomes a base band signal 
by the base-band demodulation circuit 206 and is also 
demodulated by using the sampling clock. The obtained 
demodulation data is transmitted to the control circuit 
200. 

The control circuit 200 reads out the demodulated 
protocol data (step S42) and analyzes the data. In the 
case where the reception data is the data to the own 
station (YES in step S43), the control circuit 200 gener- 
ates a demodulation instruction signal and a multi-chan- 
nel information signal indicative of the multiple number 
(m) to the base-band demodulation circuit 206 and par- 
allel/serial converter 208. The base-band demodulation 
circuit 206 and parallel/serial converter 208 which re- 
ceived the demodulation instruction signal demodulate 
a multiple base band signal which was synchronization 
detected by a carrier signal reproduced by the carrier 
reproduction circuit 205 and the reception signal by us- 
ing the clock reproduced by the synchronization circuit 
203 and the (m) multi-channel diffusion codes PN1 to 
PNm which are used and select and output the data of 
the (m) effective channels among the (n) channels 
(steps S45 and S46). 

When it is judged that the reception data is not the 
own station data (NO in step S43), the control circuit 200 
doesn't output the demodulation instruction signal but is 
returned to the reception stand-by state until the next 
preamble is detected (step S44). In step S47, when the 
reception data is completed in the base-band demodu- 
lation circuit 206 (it is judged by the correlation value or 
the like), the base-band demodulation circuit 206 gen- 
erates a completion signal of the reception data to the 
control circuit 200. The control circuit 200 which re- 
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ceived the completion signal is returned to the reception 
stand-by state. 

Fig. 9 shows a modification of the receiving circuit 
in the foregoing embodiment. 

In Fig. 9, circuits 205A, 205B, 205C, and 206A for 
! demodulating protocol data are provided separately 
from the circuits 204, 205, and 206 for demodulating 
multiple data. 

In Fig. 9, reference numeral 200 denotes the control 
10 circuit for controlling the detection of the preamble, the 
analysis of the radio protocol information, the demodu- 
lation of the multi-channel data, and the like; 204 the 
code generation circuit for generating the diffusion 
codes PN1 to PNn to demodulate the multiple data and 
15 the diffusion code PNO to reproduce a carrier and for 
selecting and outputting the diffusion codes in accord- 
ance with the multi-channel information included in the 
radio protocol information shown; and 203 the synchro- 
nization circuit shown in Fig. 3. A diffusion code chip rate 
20 clock is outputted from the synchronization circuit 203. 
Reference numeral 206A denotes a judgment cir- 
cuit for sampling the base band signal of the data trans- 
mitted for the preamble period of time by using the cor- 
relation peak of the matched filter 701 detected by the 
25 peak detection circuit 705 of the synchronization circuit 
203, thereby demodulating the data; 205A a low pass 
filter for albwing a signal of a band of the base band 
signal to pass; 205B a mixer for performing a delay de- 
tection; 205C a delay line having a delay amount of one 
30 code period; 206 the demodulation circuit shown in Fig. 
6 for demodulating the multiple signal; and 205 the car- 
rier reproduction circuit shown in Fig. 3 for reproducing 
the synchronization carrier from the multiple diffusion 
signal. 

35 The SAW matched filter 701 is not limited to an or- 
dinary analog type filter but, for example, a digital 
matched filter can be also used. 

On the reception side, when there is no reception 
signal, the control circuit 200 enters the reception stand- 

40 by mode and monitors the preamble (steps S41 and 
S44). When the signal is received, a correlation output 
is first generated from the matched filter 701 of the syn- 
chronization circuit 203 and is detected by the peak de- 
tection circuit 705 and is supplied to the control circuit 

45 200 and judgment circuit 206A. 

By the correlation peak detected as mentioned 
above (YES in step S41 ), the control circuit 200 detects 
the preamble on the basis of an output of the judgment 
circuit 206A. The synchronization circuit 203 starts the 

50 synchronization capturing operation by the phase de- 
tector 706 so as to match the phases of the correlation 
signal from the matched filter 701 and the code gener- 
ation timing signal that is outputted from the code gen- 
erator 204. The judgment circuit 206A also forms a sam- 

55 pling clock of the synchronization detection signal from 
the correlation peak. 

The received signal is delayed by one code period 
by the delay line 205C. The delayed signal and the re- 
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ception signal are delay-detected by the mixer 205B. 
The resultant signal becomes the base band signal 
through the filer 205A having a band width of the base 
band. The base band signal is inputted to the judgment 
circuit 206A. The judgment circuit 206A which received 
the signal demodulates it by using the sampling clock 
and transmits the obtained demodulation data to the 
control circuit 200. 

The control circuit 200 reads out the demodulated 
protocol data (step S42), analyzes the data, and outputs 
a demodulation instruction signal and a multi-channel 
information signal indicative of the multiple number (m) 
to the base-band demodulation circuit 206 in the case 
where the reception data is the own station data (YES 
in step S43). The demodulation circuit 206 which re- 
ceived the demodulation instruction signal demodulates 
the multiple base band signal which was synchroniza- 
tion detected by the carrier signal reproduced by the car- 
rier reproduction circuit 205 and the reception signal by 
using the clock reproduced by the synchronization cir- 
cuit 203 and the (m) multiple channel diffusion codes 
PN1 to PNm which are used and selects and outputs 
the data of the (m) effective channels among the (n) 
channels (steps S45 and S46). 

Processes if NO in step S43 and processes after 
step S47 are the same as those described before. 

As mentioned above, the radio protocol information 
is enabled to be transmitted for the preamble period of 
time necessary for a synchronization capture and the 
data channel multiple information is included in the radio 
protocol information, so that an intensity of an electric 
field which is applied to each data channel can be var- 
ied. Thus, a flexible system such that an error rate is 
improved, a whole throughput is improved, the number 
of simultaneous communicating terminals is controlled 
in accordance with an increase/decrease in channel 
multiple number, and the like can be constructed. 

Further, since necessary information can be trans- 
mitted by the radio protocol in the preamble period of 
time necessary to pull in and a timing for starting the 
subsequent multiplexed data can be detected, a signal 
to obtain a frame synchronization at a protocol level for 
a data period of time is unnecessary, so that the through- 
put can be improved. 

Since a destination of a reception frame can be 
known for the preamble period of time, it is unnecessary 
to demodulate the reception data of a station other than 
the own station, the electric power can be saved when 
other station data is received, and processes only at the 
time of the communication with the own station are ex- 
ecuted in the control circuit in a period other than the 
preamble period of time. Therefore, a processing speed 
of the control circuit for performing an external interface 
control or the like can be also reduced and a reduction 
in costs of the parts of the apparatus and a low electric 
power consumption can be also realized. 

As compare with the case of, for example, the 
16-channel multiplex, a transmission electric power of 



each channel in case of the 8-channel multiplex is dou- 
bled. Consequently, the sum of the transmission electric 
powers in the 8-channel multiplex is equal to that of the 
16-channel multiplex. Thus, a noise resistance perform- 

s ance of the commun icating apparatus can be improved. 
In the above description, although the SAW 
matched filter has been used as a correlator the inven- 
tion is not limited to it but, for example, an SAW convolv- 
er can be also used. With respect to the demodulation 

10 circuit (205A, 205B, 205C and 206A) which operates for 
the preamble period of time, not only the demodulation 
circuit by the delay detection, but also, for example, a 
demodulation circuit by a synchronization detection can 
be used. Further, although one code has been used as 

f £ a diffusion code at the time of the preamble, a diffusion 
code to be used in the data channel is used as a diffusion 
code for protocol data and is changed to a diffusion code 
for synchronization capturing, so that the demodulation 
circuits can be also shared. 

20 Further, in the case where there are a plurality of 
clients, the diffusion code for preamble which is different 
every client can be also allocated as a diffusion code for 
preamble. Therefore, in the case where the number of 
channel multiple number in the communication per ter- 

25 minal is small, the simultaneous communication can be 
also asynchronously performed. 

In the case where the apparatus is constructed in a 
manner such that a demodulation output of the base- 
band demodulation circuit 206 is inputted to a forward 

30 error correction circuit and error information from the for- 
ward error correction circuit is stored in the control circuit 
200, a communicating state of a propagation path is de- 
tected and the multiple channel number can be varied 
in accordance with such a state. 

35 The invention can be applied to a system construct- 
ed by a plurality of apparatuses and can be also applied 
to a system constructed by one apparatus. It will be ob- 
viously understood that the invention can be also ap- 
plied to a case where the invention is embodied by sup- 

40 plying a program to a system or an apparatus. In this 
case, the invention is constructed by a memory medium 
in which the program according to the invention has 
been stored. By reading out the program from the mem- 
ory medium to the system or apparatus, the system or 

4£ apparatus operates in accordance with a predetermined 
procedure. 

The invention has been described above with re- 
spect to the case of the multiple communication by the 
code division as an example. However, even in case of 

50 using the multiple communication other than the code 
division, for example, the multiple communication by a 
time division or the like, the invention can be embodied 
by controlling the transmission electric power of each 
channel so as to be inversely proportional to the number 

55 of channels in a manner such that the sum of the trans- 
mission electric powers is made constant irrespective of 
the number of channels. Thus, various modifications are 
possible within the scope of claims of the invention. 
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Claims 

1 . A multiple communicating apparatus comprising: 

multiple communicating means (113, 108, 
103-1 to103-n, 107) for communicating data by 
a plurality of channels; and 
control means (111, 111C) for controlling said 
multiple communicating means so that a trans- 
mission electric power of each channel is in- 
versely proportional to the number of channels 
which are used by said multiple communicating 
means. 

2. An apparatus according to claim 1 , wherein said 
control means includes channel control means 
(1 1 1 A, 1 1 1 B) for controlling the number of channels 
which are used by said multiple communicating 
means in accordance with a transmission speed. 

3. An apparatus according to claim 1 , wherein said 
multiple communicating means includes diffusing 
means (103-1 to 103-n) for diffusing parallel data 
by a plurality of diffusion code series. 

4. An apparatus according to claim 1, wherein said 
multiple communicating means transmits a multiple 
number for a preamble period of time which is pro- 
vided for a reception side to synchronize a plurality 
of code series which are used for a code division 
multiplex with a transmission side. 

5. An apparatus according to claim 1 , further compris- 
ing: 

receiving means (206, 209) for receiving the 
data transmitted through a plurality of channels 
by said multiple communicating means; and 
reception control means (200, 208) for control- 
ling said receiving means in accordance with 
the number of channels which are used by said 
multiple communicating means. 

6. An apparatus according to claim 5, wherein said re- 
ception control means includes detecting means 
(207) for detecting the number of channels on the 
basis of a reception result of the plurality of chan- 
nels by said receiving means. 

7. An apparatus according to claim 5, wherein said re- 
ception control means includes detecting means 
(207) for detecting the number of channels on the 
basis of inverse diffusion outputs by a plurality of 
diffusion code series. 

8. An apparatus according to claim 5, wherein said re- 
ception control means includes preamble receiving 
means (206A) for receiving the number of channels 



for a preamble period of time which is provided for 
a reception side to synchronize a plurality of code 
series which are used for a code-division multiplex 
with a transmission side. 

5 

9. A multiple communicating method comprising: 

a multiple communicating step of communicat- 
ing data by a plurality of channels; and 
10 a control step of controlling said multiple com- 

municating step in a manner such that a trans- 
mission electric power of each channel is in- 
versely proportional to the number of channels 
which are used by said multiple communicating 
15 means. 

1 0. A method according to claim 9, wherein said control 
step includes a channel control step of controlling 
the number of channels which are used by said mul- 

20 tiple communicating step in accordance with a 
transmission speed. 

11. A method according to claim 9, wherein said multi- 
ple communicating step has a diffusing step of dif- 

25 fusing parallel data by a plurality of diffusion code 
series. 

12. A method according to claim 9, wherein said multi- 
ple communicating step transmits a multiple 

30 number for a preamble period of time which is pro- 
vided for a reception side to synchronize a plurality 
of code series which are used for a code division 
multiplex with a transmission side. 

35 1 3. A method according to claim 9, further comprising: 

a receiving step of receiving the data transmit- 
ted through a plurality of channels in said mul- 
tiple communicating step; and 
40 a reception control step of controlling said re- 

ceiving step in accordance with the number of 
channels which are used in said multiple com- 
municating step. 

45 14. A method according to claim 13, wherein said re- 
ception control step includes a detecting step of de- 
tecting the number of channels on the basis of a 
reception result of the plurality of channels in said 
receiving step. 

so 

15. A method according to claim 13, wherein said re- 
ception control step includes a detecting step of de- 
tecting the number of channels on the basis of re- 
spective inverse diffusion outputs by a plurality of 

55 diffusion code series. 

16. A method according to claim 13, wherein said re- 
ception control step includes a preamble receiving 
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step of receiving the number of channels for a pre- 
amble period of time which is provided for a recep- 
tion side to synchronize a plurality of code series 
which are used for a code division multiplex with a 
transmission side. 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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(54) Multiple communicating apparatus and method 



(57) A multiple communicating apparatus is con- 
structed by a multiple communicating unit for communi- 
cating data through a plurality of channels and a control 
circuit for controlling the multiple communicating unit in 
a manner such that a transmission electric power of 
each channel is inversely proportional to the number of 
channels which are used by the multiple communicating 
unit. The control circuit includes a channel control circuit 



for controlling the number of channels which are used 
by the multiple communicating unit in accordance with 
a transmission speed. The multiple communicating unit 
includes a diffusion circuit for diffusing parallel data by 
a plurality of diffusion code series. The multiple commu- 
nicating unit transmits a multiple number for a preamble 
period of time provided for the reception side to synchro- 
nize the plurality of code series which are used for a 
code division multiple with the transmission side. 
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Table 3.1.3.1.11.1-1. Coefficients h(k) 



k 


h(k) 


0.47 


-0.025288315 


1.46 


-0.034167931 


2.45 


-0.035752323 


3. 44 


-0.016733702 


4.43 


0.021602514 


5.42 


0.064938487 


6.41 


0.091002137 


7.40 


0.081894974 


8.39 


0.037071157 


9.38 


-0.021998074 


10.37 


-0.060716277 


11.36 


-0.051178658 


12.35 


0.007874526 


13.34 


0.084368728 


14.33 


0.126869306 


15.32 


0.094528345 


16.31 


-0.012839661 


17.30 


-0.143477028 


18.29 


-0.211829088 


19.28 


-0.140513128 


20.27 


0.094601918 


21.26 


0.441387140 


22.25 


0.785875640 


23.24 


1.0 
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3.1.3.1.11 Filtering pOJ l°> - 0)- VY*> tj 

3.1.3.1.11.1 Baseband Filtering ^* 

Following the spreading operation, the I and 9 Impulses are applied to the Inputs of the I 
and Q baseband filters as shown In Figure 3.1.3.1-1. The baseband filters shall have a 
frequency response S(f) that satisfies the limits ghren In Figure 3. 1.3. 1.1 1.1-1. Specifically, 
the normalized frequency response of the filter shall be contained within ±Si in the 
passband 0 £ f £ f p and shall be less than or equal to -62 in the stopband f * f a . The 
numerical values for the parameters are 8i * 1.5 dB, 82 « 40 dB. f p = 590 kHz. and f 3 « 740 
kHz. 

201og 10 IS(f)l 
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Figure 3.1*3.1.11.1-1. Baseband Filters Frequency Response Limits 
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Let s(t) be the impulse response of the baseband filter. Then s(t) shall satisfy the following 
equation: 

Ml 

Mean Squared Error las(kT 8 - t) - h(k}] 2 50.2, 
k-0 

where the constants a and x are used to rainiwiiw the mean squared error. The constant T 8 
is equal to 203.451... ns. which equals one quarter of a PN chip. The values of the 
coefficients h(k). for k < 48. are given in Table 3.1.3.1.11.1-1; h(k) » 0 for k 2 48. Note that 
h(k) equals h(47 - k). 



